SUMMARY When a patient with a peripheral monocular paresis is forced to look with the paretic eye, head movements induce the sensation of an unstable visual world. The patient behaves as if he had acute bilateral labyrinthine lesions. These symptoms are due to the lack of compensatory ocular movement and the patients complain that the visual objects move in the direction opposite to the head. The patients develop ataxia, nausea, vomiting and past pointing. The symptoms, however, are transient and consistently disappear after approximately 48 hours. The central adaptation to looking and seeing with the paralysed eye is associated with a plastic change of the VOR. This plastic adaptation is probably induced by the large retinal slip produced by the lack of compensatory movement of the eye and can be studied in the normally mobile eye in the dark. The psychophysical adaptation is probably generated by an efferent copy or corollary discharge of the vestibular system to the visual system that cancels the retinal error.
When a patient with a monocular paresis is forced to use his paretic eye by patching his normally mobile eye, head movements induce the sensation of an unstable visual world. The subject develops ataxia, nausea and vomiting. He develops hypermetria in the finger to nose test with consistent over-shooting. If he lies still without moving the head, the sensation that the visual surroundings are moving decreases. The patient behaves as if he had acute bilateral labyrinthine lesions. Nevertheless, the symptoms consistently disappear after the sound eye is persistently covered for 24 to 48 hours. The patient is able to walk again without ataxia. The nausea and vomiting and the overshooting vanish. The patient states that the oscillopsia is greatly diminished. Since the eye is paralysed there has occurred a central compensation in subjects with a normal central nervous system. How does this compensation come about? Two types of adaptation may explain these phenomenon. A plastic change in the motor output of the vestibular system or the neurons of the oculomotor nuclei or a psycho-physical adaptation to the increased retinal slip.
We postulated that the plastic adaptation of the vestibulo-ocular reflex (VOR) medication (except prednisone) but received intravenous fluids because they could not tolerate oral liquids. After 48 hours both patients improved noticeably with disapppearance of the nausea and vomiting and were able to walk unaided. They claimed that the oscillopsia had almost vanished and could perform head movements and turns without much difficulty. After the normal eye was unpatched they developed again ataxia and past pointing but these symptoms were less intense and lasted less than 12 hours.
Normal eye / Il00 , Gain of the VOR At the frequencies tested both patients had gains below 0*5 in the dark before adaptation The two patients had gains near one after 36 hours that they had been fixating with the paretic eye. After 72 hours, both patients had gains in the dark above 1 (figs 1, 2) . This difference is highly significant (p < 0.001). The gain of the VOR in the dark returned to the baseline 12 hours after the patients had the normal eye uncovered and used both eyes for fixation. The gains at 0 05 were lower than the gains at 0 1 Hz. The gains of the VOR while attempting fixation ured in the dark in the non-paralysed eye. How does with the paretic eye were above unity and near 1-5 this recalibration occur?
(at 0-1 Hz) before and after adaptation. The gains The large-retinal slip induced by head rotation in were remarkably similar before and after adaptation light, fixating solely with a paralysed eye, stimulates (Graph 1) (figs 3, 4) . The gain in the dark after the smooth pursuit system and the slow phase of adaptation was, in both patients, equal to the gain OKN. The flocculus P cells under these circumfixating with the paretic eye with lights on. stances discharge in relationship to eye velocity'0-'2 and such impulses may be used as internal signals to Discussion calibrate the VOR. The "error signal" that calibrates the VOR may appear to be a combination of The function of the VOR is to maintain stable vision retinal slip and gaze velocity signal. On the other when the head moves by inducing compensatory eye hand, patients fixating with a paralysed eye may movements in the opposite direction to the head.' 613 obtain information from the "periphery" regarding
The pursuit system keeps the image of a moving eye velocity. If the eye is completely paralysed the object in the macula.' Patients who are forced to see retinal error velocity should be equal to the head solely with the paralysed eye do not have compen-velocity because the eye moves en bloc with the satory VOR on the paralysed side. Therefore, the head. lack of compensatory VOR produces an unstable If the eye is not totally paralysed, the retinal slip visual world with head movements'5 and the lack of would be the difference between the eye and the pursuit blurrs vision of moving objects. An. adaptive head velocities. This information about head velocplasticity in the VOR has been inducedcbyr optical ity may be used to supplement the head velocity information given by the vestibular system. It appears that the retinal error velocity can exquisitely calibrate the VOR according to the amount of head velocity. The final calibration of the VOR is the result of the sum of the large retinal error velocity and the pre-existent VOR in the dark. Hence, the VOR gain in the dark increases to the exact point that can compensate the retinal error velocity signal and never above it. The VOR in the light while viewing with a paralysed eye may be considered as an "open loop" reflex because there is not correction " in line" by the visual system, and the increased gain under these circumstances may merely reflect the fact that all eye movements increase their gain under these conditions.'6 The high gain may be considered simply as the consequence of the maximum open loop gain of which the VOR system is capable. Of course, the high gain during vestibular stimulation in the light when fixating with a paralysed eye increases the gain of the optokinetic system because this system acts normally under "closed loop" conditions,' but it does not explain the persistent high gain of the VOR in the dark. The high gain of the VOR in the dark is an expression of plasticity because it persists despite the fact there is no visual input in the dark. The increased gain in the dark cannot be higher than the gain of the VOR in the light because the VOR has to be reset to a particular value of retinal error velocity which is also evidence of plasticity.
In addition to the increased gain of the VOR, a psychophysical adaptation occurs. This indicates that a balance between the expected and the actual retinal slip has occurred. The "reafference" hypothesis78 postulates that the normal mechanism of movement consists of an efferent signal, an "efferent copy" of this signal, the movement and a reafferent signal caused by the movement. In this fashion the central nervous system can compare the intended with the actual movement. A mismatch between the reafferent impulses and the "efferent copy" of the movement would result in a recalibration of the outflow of the system. A "correlation storage" has been proposed that remembers previous combinations of efferent and reafferent signals.9 Using the "reafference" hypothesis we postulate that the correlation between visual and vestibular impulses takes place in a "correlation storage" where actual and expected retinal slips may be matched. If there is a great mismatch between visual and vestibular impulses, the activation of the P cells of the flocculus of the pursuit system may serve as the internal signal that recalibrates the system, but it is difficult to conceive that it may also serve as the efferent copy of the expected retinal slip to be compared to the actual visual signal. In this schema it is therefore necessary to postulate an efference copy Estafiol, Lopez-Rios of the modified vestibular gain to induce the psychophysical adaptation (fig 6) . In the experimental animal it has been demonstrated that visual cortical cells may be affected in their background or spontaneous firing rate by vestibular influences,'7 emphasising the need of the visual signals to be compared to the vestibular signals. Recently, Wist et all4 found that the subjective sensation of oscillopsia (and therefore, of retinal slip) decreases in patients with chronic monocular paresis. They suggest an " additional" mechanism that recalibrates the relationship between the expected and the actual retinal slip. They also considered the mismatch between actual and expected retinal slip to be the stimulus for this recalibration. The ' adaptive suppression" of visual motion relieves the oscillopsia but may impair motion perception in general.
